e lack of comprehensive, high-quality health data in developing nations creates a roadblock for combating the impacts of disease.
INTRODUCTION
New technologies and sources of data are constantly being leveraged to upgrade and supplement the design, monitoring, and evaluation of health policy, a phenomenon the United Nations has dubbed the Data Revolution [6] . ere is, however, a substantial gap in the availability and quality of health data between developing and developed nations. In many developing nations, even when health-related information is collected, it is o en neither comprehensive nor digitized. e 2014 regional report by the African Union highlights this issue, noting: "Unless gaps are identi ed early and accurately, simply providing a ra of general interventions will not meet the real health needs of the people in the Region" [5] .
is lack of data can be a roadblock to identifying major public health concerns and implementing e ective interventions, such as targeted education e orts. While targeted education that addresses individuals' health needs is a critical tool for combating disease, health organizations and policy makers struggle to identify what knowledge individuals in developing nations seek and whether their health information needs are being met. It is especially urgent to understand how information needs vary by region and demographic groups since the impact of a disease-its prevalence, progression, and transmission rates-as well as people's knowledge and a itudes about the disease o en vary regionally and demographically. Limited understanding on the health information needs of individuals limits the e cacy of gender-and age-speci c programming [2, 4, 7, 8, 16, 19, 21] .
In this paper, we take a step towards narrowing the gap, focusing on the problem of identifying and measuring people's everyday health information needs, concerns, and misconceptions. We use search queries originating in all 54 African nations to explore which themes, or topics, related to infectious disease people are most interested in ge ing information about, as evidenced by their searches. We focus on HIV/AIDS, malaria, and tuberculosis because together, these three diseases account for 22% of the disease burden in sub-Saharan Africa [1] .
Search engine data provide a wealth of information on people's real-time activities, experiences, concerns, and misconceptions relatively cheaply [24, 28, 33] , allowing us to obtain potentially hardto-survey information in a bo om-up manner. In contrast, most data-driven e orts aimed at mitigating the impact of disease in data-sparse regions, including the Global Burden of Disease Study and the African Health Observatory, have utilized a top-down approach [1, 10] , actively collecting data with a particular goal or question in mind. Such approaches, while helpful, are o en limited in their ability to provide a thorough and comprehensive overview of people's information needs, a itudes, and misconceptions. Existing bo om-up solutions to this problem, such as the West Africa Health Organization's study of health information needs in West Africa [12] , primarily make use of manual surveys or interviews. ese approaches can obtain a comprehensive picture of individuals' needs, but are di cult to scale, expensive, and time-consuming. Analyzing search data is a natural candidate for scaling up studies not only because it addresses some of these challenges, but also arXiv:1806.05740v1 [cs.CY] 14 Jun 2018 because search logs have already been shown to contain large quantities of information related to serious and stigmatizing conditions in other contexts [17, 28] . Despite the fact that Internet penetration in Africa is growing rapidly-31% of the population is currently covered, with nearly 8,500% growth since 2000 [9] -to our knowledge, no prior work has looked speci cally at search data to understand health information needs in African nations.
To uncover the themes in which individuals in Africa are interested, we use latent Dirichlet allocation (LDA), a generative statistical model that can be used to automatically extract lexical topics-sets of semantically-related words-from text [14] . e topics that emerge cover basics such as symptoms and treatment, as well as stigma and discrimination, natural cures and remedies, and concerns about breastfeeding and gender inequality. We explore the ways in which the popularity of these topics vary by gender, sex, and location. Finally, we compare the organic search results returned for di erent topics and ask whether the quality of information returned varies by search query topic.
We conclude with a discussion of the potential implications of our results on targeted health policy and education e orts.
DATA AND RESULTS
To generate the data set of HIV/AIDS queries, we rst obtained all Bing search queries containing at least one of the terms "HIV" or "AIDS" that originated in any of the 54 African nations between January 2016 and June 2017. Each query record in the data consisted of the raw search query, country of origin, and date, along with age and gender of the user when available. We removed all queries with two or fewer words (at least one of which must be "HIV" or "AIDS"). We scrubbed the data to ensure that HIPAA identi ers were not included [18] . We removed names, addresses, IP addresses, phone numbers, Bing user ids, among others. e data were completely anonymized for Bing for business purposes prior to the researchers using the data making it virtually impossible for the researchers to identify users. e data sets of malaria and tuberculosis queries were generated in an analogous manner, starting with queries containing, respectively, the term "malaria", or at least one of the terms "tb" and "tuberculosis. " Figure 1 shows two heat maps for each disease. e maps at the top illustrate the 2016 disease prevalence (for HIV) or incidence (for malaria/tuberculosis) rates for each country, obtained from the World Bank Databank [3] . e maps at the bo om illustrate the fraction of total searches made in each country that contain the speci c disease terms. ere is a high correlation between the fraction of searches about a given disease in a particular country and the rate of the disease. In particular, the Spearman correlation is ρ = 0.714 [0.689, 0.737] for HIV/AIDS, ρ = 0.402 [0.360, 0.442] for malaria, and ρ = 0.462 [0.422, 0.499] for tuberculosis. Each correlation coe cient has a p-value < 0.01. We view this as reassurance that search queries ltered in this way are pertinent to the diseases in question. 
Disease Topics
We extracted topics from each data set using LDA, a standard generative statistical model in which each document (in our case, an individual search query) is associated with a distribution over topics, and each topic is de ned as a distribution over words [14] . We used the implementation of LDA provided by the Mallet package [27] and the Di erential Language Analysis ToolKit [32] as an interface to Mallet for further analysis [31] . We retained all default parameters in Mallet, with the exception of the parameter α, which controls the prior on the per-document topic distribution. 1 In LDA, the number of topics extracted is a free parameter. Based on the size of our datasets, we chose 100 topics for the HIV/AIDS data set and 50 each for malaria and tuberculosis.
Our data reveal a rich set of themes. e topics output by LDA range from those about standard health information, such as disease symptoms, testing, medication, and epidemiological inquiries, to those about hard-to-survey concerns such as stigma and discrimination, natural cures and remedies, and issues regarding healthy lifestyles. Table 4 shows six sample topics extracted from the data by LDA, which were hand-chosen to illustrate both the breadth of themes that emerged from the analysis as well as the coverage of hard-to-survey topics. e second column provides a label for each topic, which was hand-generated by the authors, along with a measure of the frequency with which the topic occurs in the data. 2 Note that some themes, such as breastfeeding, are captured by more than one topic, so the actual overall frequency with which these themes occur in the data is higher than the numbers suggest. e third column presents the 25 most representative words for the given topic. e nal column shows a few randomly selected samples from the 100 queries determined by LDA to be most closely related to the topic; we opt to show a random sample of queries since the top few most highly ranked queries o en di er by only one le er or word. All typos in the word lists and representative queries are intentional, stemming from common typos in the search data. An additional sample of six topics is included in the Supplementary Information.
Prevalence of Topics by Region and User Demographics
In this section, we explore whether health information needs, manifested as web search queries, vary by country and user demographics. Due to space limitations, we only present results for queries related to HIV/AIDS. e corresponding results for queries related to malaria and tuberculosis can be found in the Supplementary Information. For each of the six HIV/AIDS topics listed in Table 4 , we estimate the number of times an HIV/AIDS topic is queried relative to the overall number of queries for HIV/AIDS for the country. We call this quantity topic prevalence and denote it by prevalence(topic|country), which is a measure of the frequency with which a topic is mentioned in queries from a given country.
To estimate the prevalence, we need two values-the frequency the topic is searched for in the country and the overall number of searches for any topics in the country. We do not have the exact number of times a topic is mentioned, but we can estimate the frequency with which the topic is used by utilizing the words associated with a topic using the posterior probabilities, derived from LDA, of a topic given a word, p(topic|word). We then combine these estimated counts with the relative frequencies of a word given a country, frequency(word|country) to get the overall prevalence of the topic in the country: word∈country p(topic|word) × frequency(word|country)
Here, frequency(word|country) is derived from maximum likelihood estimation given all words used in queries from the country or simply the count of the number of times the word appears, divided by the total count of all words in the country. 3 To explore the association of topic prevalence with HIV prevalence rates across countries, we ran a linear regression using the prevalence values for each of the 100 topics within a given country as the explanatory variables and the 2016 HIV prevalence rate in that country as the dependent variable. Of the six topics listed in Table 4 , we found a signi cant (multi-test corrected 4 ) relationship between the Stigma topic and the HIV prevalence rate (r = 0.473; multi-test corrected p < 0.01), as illustrated in Figure 2 .
. Figure 2 : Comparison between topic popularity of Stigma in each country with the log of the 2016 adult HIV prevalence rate. Countries with higher topic popularity for Stigma tend to have higher HIV prevalence rates. Although our correlation analysis alone cannot explain the reasons behind our ndings, the observation that the popularity of the Stigma topic is correlated with HIV prevalence is consistent with ndings from the public health literature. In particular, smaller scale studies have shown that that HIV-related stigma can lead to more risky behavior, lower testing rates, and decreased adherence to antiretroviral therapy, all of which increase transmission rates [15, 20] . Some of the outliers in Figure 2 are also consistent with the literature. For example, we see that the popularity of the Stigma topic is nearly twice as high in Botswana as it is in Lesotho, despite the two countries having comparable HIV prevalence rates (22.2 versus 22.7). Botswana has struggled with issues of discrimination and stigma, including various policies and proposals for mandatory HIV testing [29] . Further, despite high HIV prevalence rates, it has been reported that the level of stigma has been declining in South Africa, in part due to targeted programming to combat stigmatization of HIV infected individuals [26] ; this, again, is consistent with the results shown in Figure 2 .
Other topics also exhibit variance in popularity by country. To explore this, we ran a standard logistic regression for each country, with the topic weights (distribution) of a given search query as the explanatory variables and a binary dependent variable indicating whether or not the query originated in that country. ere is notable contrast in the popularity of queries associated with the Natural Cure topic across the countries. For instance, the Natural Cure topic is popular in Malawi (β = 0.005; p < 0.05), which has a relatively high HIV prevalence rate of 10.6, and in Botswana (β = 0.007; p < 0.01), which has an HIV prevalence rate of 22.2. In Mozambique, which has an HIV prevalence rate of 11.5, the popularity of the Natural Cure topic is relatively low (β = −0.007; p < 0.01).
To explore topic popularity by sex, we ran a logistic regression with the topic weights of a given search query as the explanatory variables and the self-reported sex of the user as the dependent variable, limiting ourselves to those queries for which user demographic information was available. Similarly, to explore topic popularity by age group, we ran an ordinary least squares regression, again with the topic weights of a given search query as the explanatory variables, but now with users' self-reported age group as the dependent variable. To understand which topics are more popular for a given demographic group, we ordered the topics by their respective correlation coe cients. e een words with the highest weight from the top ranked topic for each group are shown in Table 2 .
Our analysis reveals that topics related to news on HIV/AIDS cures are more popular among men, as well as the 35-49 age group. Topics related to breastfeeding, pregnancy, and family care are more popular among women. For the 18-24 and 25-34 age groups, topics related to symptoms are more popular. Among the former group, topics related to the socioeconomic implications of HIV/AIDS, such as gender inequality, are more popular, while topics related to concerns about transmission to partner and child are more popular among the 25-34 age group. 5 Finally, we looked at the topic popularity of the six topics of interest from Table 4 . Table 3 lists the correlation coe cients, where * * indicates a p-value of less than 0.01 and * indicates a p-value of less than 0.05. We see again that Breastfeeding has a higher correlation coecient for women than for men and for the 25-34 age group compared to the other age groups. Notably, women and users aged 18-24 are more interested in Stigma compared to their demographic counterparts. Natural Cure has the highest popularity among the oldest age group (35-49), and the lowest among the youngest age group (18) (19) (20) (21) (22) (23) (24) . Despite expressing higher interest in Natural Cure, the 35-49 age group also has more interest in Drugs compared to the other age groups.
Di erences in User Behavior and ality of Results
We next examine whether user behavior and the quality of search results returned vary across di erent topics. To answer these questions, we used an expanded version of our HIV/AIDS data set consisting of only those queries that were made during June 2017. In 5 Some themes appear in more than one topic. When we identify a novel pa ern relating a particular topic to demographics or location in the data (for example, breastfeeding is more popular among women), we con rm the same pa ern exists for the most similar topics. To measure similarity between topics, we calculate the pairwise hamming distance between topics using the top 20 most representative words. If the observed pa ern does not hold across similar topics, we omit the pa ern from our positive ndings. addition to raw queries, country, and search date, this data set contains a list of the rst 10 organic webpages returned to the user for each query. It also contains information about which webpages the user clicked on, the amount of time spent on each webpage, and the total time spent on the results page, the page containing the ten initial links presented to a user a er entering a search query.
To compare user behavior across topics, we focused on several standard metrics from the information retrieval literature [30] . Dwell time measures the total amount of time a user spends looking at the results page and any links that are followed. Click count is the total number of links on which a user clicks. 6 Note that these metrics can be used to measure various properties related to user engagement and satisfaction. For instance, dwell time can be used to measure both interest in a webpage and ease-of-use, depending on the context and intent of the search query. In our study, we use these metrics to measure user activity. Speci cally, we are interested in measuring whether there is variance in user activity by topic as measured by these metrics. Figure 3 shows how these metrics vary by topic. Both dwell time and click count are signi cantly lower for the Natural Cure topic compared with the other topics of interest. at is, on average, users issuing queries related to the Natural Cure topic spend less time exploring the results page and click on fewer links. ere are many reasons why this may be the case. It could simply be selection bias-perhaps di erent types of users search for queries related to the Natural Cure topic compared with Epidemiology, Drugs, or other topics. It could be that users seeking information related to the Natural Cure topic nd the information they are seeking faster. Another possibility is that the quality of information returned could vary by query.
To examine variance in the quality of content returned, for each of the topics in Table 4 , we extracted the rst link returned to the user at the top of the web results page for each of the 30 queries most strongly associated with the topic. We consider only distinct user/query pairs, which means we ignored duplicate queries from the same user. Each resulting link was independently evaluated for quality (described in terms of relevance, accuracy, and objectiveness, as is standard in information retrieval [22] ) and was ranked by three research assistants on a scale of 1 to 5, with higher values indicating be er quality. Details of the evaluation are included in the Supplementary Information. All of the research assistants who provided rankings have graduate-level training in medicine or public health, and each website was evaluated by at least one research assistant specializing in the disease of interest. We took the average of these three ratings as the rating for a webpage. Figure 4 shows the average rating across all links and all raters for each topic. On average, the quality of links returned for queries related to the Natural Cure topic is low, with an average quality rating of 1.45. In contrast, links returned for queries related to the Stigma, Breastfeeding, and Drugs topics have much higher average quality ratings (4.22, 4.36, and 3.99, respectively). A t-test comparison between Natural cure with each of these topics yields p < 0.01.
Corresponding results for malaria and tuberculosis can be found in the Supplementary Information. Consistent with prior research on H1N1 outbreaks [23] , the quality of content that is returned to users varies by topic, especially when we compare natural cures vs. drugs which are both treatment options for HIV/AIDS.
DISCUSSION
We have shown that search data can provide valuable insights into the health information needs, concerns, and misconceptions of individuals across Africa, which can complement existing top-down or survey-based approaches and allow us to move one step closer to the goal of narrowing the gap in available health data between developing and developed nations. We conclude with a discussion of the limitations of our techniques as well as implications and next steps for future work.
Limitations
ere are several limitations to the use of search data. First, the Bing users we study-and Internet users in general-are not a representative sample of the entire population of Africa. It is challenging to extrapolate observations obtained through the analysis of search data to the wider population of countries, and the health concerns of entire communities who are not on the web could be overlooked.
is concern will diminish as Internet penetration continues to grow, but the studied population will never be fully representative.
Second, the results of this study depend on proprietary data from Bing which can limit the ability for health organizations to extend the research. However, the data are readily available to researchers at companies with search engines.
Another limitation is the use of imprecise language in search queries, as well as queries in languages other than English. An initial exploration of the Bing query logs showed that many users search for HIV/AIDS, malaria, and tuberculosis by their English names, but it is likely that the ltering method we used still led us to exclude many relevant searches. Furthermore, the excluded searches are more likely to come from regions in which the use of English names is less common, further biasing the data collection. ese concerns could be ampli ed for other illnesses, such as respiratory infections, which have multiple common names in di erent languages and for which users commonly search for symptoms instead of the disease name itself. A multi-language approach would be necessary to more fully extract all of the information on individual's health information needs that is captured in search data.
Practical Implications
Our methods have great potential to inform targeted education efforts in data-sparse regions. Gender and age impact an individual's chance of contracting HIV/AIDS, malaria, or tuberculosis [21] , and health information needs are o en speci c to demographic groups and geographic locations. For these reasons, stakeholders have emphasized the need for gender-responsive and age-responsive programming in resource-constrained regions [2, 4, 7, 8, 16, 19, 21] . E orts to understand health information needs in developing nations by demographic group have mostly used surveys and interviews, which are limited in their scale [7, 11, 25, 34] . In contrast, by analyzing search data we can study health needs at a much larger scale.
Our analysis could also be used to investigate the quality and volume of information available to individuals with di erent health information needs. To get a sense for how much high-quality public health information on Natural Cures for HIV/AIDS is available, we used the queries we found to be the most highly associated with the Natural Cure and Drugs topics on Bing to search authoritative websites on HIV/AIDs. e authoritative websites include the World Health Organization (WHO), the Joint United Nations Programme on HIV/AIDS (UNAIDS), the Center for Disease Control and Prevention (CDC), and the National Institutes of Health (NIH). We posed each of the top 30 queries for Natural Cure in turn to each of the aforementioned authoritative websites and noted the number of webpages that were returned on each website for each query. We performed the same actions for the Drugs topic. We then reported the average number of webpages available for the 30 queries corresponding to the two topics by website.
We found that on the CDC site, there were an average of 56, 705.85 webpages corresponding to Natural Cure (over the 30 queries corresponding to the topic) compared to 258,948.6 for the top 30 queries for Drugs (p = 0.01). Similarly, for the NIH site, there were 91, 840.8 and 456, 982.3 (p = 0.00) ; for the WHO, there were 46, 600.1 and 305, 528.2 (p = 0.00) ; and for UNAIDS, there were 8, 926.5 and 65, 954.0 (p = 0.02) webpages for Natural Cure and Drugs, respectively.
ese results indicate there are consistently fewer highquality documents for natural cures than for pharmaceutical drugs on authoritative websites.
Search engines themselves could potentially be an e ective platform for implementing targeted interventions to improve access to health information. For instance, gender-or age-speci c targeted advertisements for health campaigns could be triggered by queries associated with speci c health topics. Insights garnered from the analysis of search data could help health organizations prepare material and develop interventions aimed at regions where speci c misconceptions are especially common. ese interventions could take the form of highlighted high-authority links to discourage misinformation, advertisements for support groups triggered by searches related to stigma, or advertisements for testing clinics for testing-related searches.
Search data could also be used to monitor other aspects of public health, for example by providing marketing surveillance for new medications or measuring the impact of public health campaigns. In principle, search engines and health organizations could also work together on case nding, a strategy that directs resources at individuals or groups suspected to be at risk for a particular disease, which is a key strategy in communicable disease outbreak management. Of course, this pursuit would need to be handled with great care, with consideration for the risks and ethics involved.
Finally, as it is detailed and available in real time, search data could be especially valuable for monitoring the impacts of emerging health concerns in developing nations. For instance, noncommunicable diseases such as cancer, cardiovascular disease, and diabetes are of growing concern due to the expansion of the middle class in developing countries and a lack of resources and programs aimed at minimizing their impact [5] . Since the portion of the population affected by these diseases is likely to have Internet access, search data could play an instrumental role in understanding a itudes about these diseases, implementing interventions aimed at improving access to health information, and highlighting overlooked aspects of the impacts of these diseases.
A ADDITIONAL DETAILS ON THE DATA SETS A.1 Data Cleaning
A er generating the initial sets of all queries containing the disease terms ("HIV" or "AIDS, " "malaria, " or "tuberculosis" or "TB, " respectively), removing queries with two or fewer words, and scrubbing the data to remove personal information, including all HIPAA identi ers [18] , we manually examined a sample of 1,000 queries from each data set to check whether they were relevant to the disease. e scrubber we used, Tee anonymizer, extracts and replaces PII with more suitable speci c placeholders. For example an email address gets replaced by the text emailpii . ere are 13 di erent types of PII that are replaced including Name, Phone, Address, SSN, CC, and so on. Of these samples, we found that all queries in the malaria data set were related to malaria, but 4.5% of the queries in the HIV/AIDS data set and 16.7% of the queries in the tuberculosis data set were o -topic, containing phrases such as "tb dresses, " "TB Joshua, " or "4 TB. " To improve the quality of the tuberculosis data set, we used these o -topic queries to generate a list of common phrases that we then employed to lter out irrelevant queries from the full tuberculosis data set. A er this ltering step, we sampled a fresh set of 1,000 queries and found that only 7.0% were o -topic.
A.2 Coverage of Africa
Our search data covers all 54 nations of Africa. Figure 5 shows a heat map of the total search tra c during January 2016-June 2018 period by country and a heat map of the 2016 population of each country.
e Spearman correlation coe cient between search tra c and country population is ρ = 0.622 [0.591 − 0.651] with p < 0.01. e correlation between search tra c and Internet penetration is ρ = 0.574[0.540, 0.606] with p < 0.01.
B ADDITIONAL DETAILS ON THE TOPICS
As described in the main paper, the number of topics output by latent Dirichlet allocation (LDA) is a parameter that can be tuned. Choosing a large number of topics leads to the discovery of highly speci c topics that overlap in theme, while choosing a small number leads to very general topics that may be di cult to interpret as each topic covers several themes [33] . Before running our analyses, we ran LDA on each data set with di erent numbers of topics (10, 20, 50, 100, 200, 500, 1,000, and 2,000). Based on a manual inspection of the interpretability and coherence of topics, we chose 100 topics for the HIV/AIDS data set and 50 each for the malaria and tuberculosis data sets, which are smaller.
e Table 1 in the main body contains examples of representative queries for each topic. We would ideally like to de ne representative queries as queries with high weight for the topic. However, the existence of rare words or strings (such as obscure URLs) in a query can result in a query having an arti cially high weight for a given topic. We thus excluded words that appear fewer than 10 times in the data set.
To give a be er sense of the breadth of topics output by LDA, we provide an additional six example topics for each disease in Table 4 . ese topics were again manually selected by the authors to show the wide range of themes that emerge. As in the main text, the labels in the second column are provided by the authors, the third column displays representative words for each topic, and the fourth column contains a randomly selected sample of the 100 most representative queries. Before running LDA, we scrubbed the data to ensure that HIPAA identi ers were not included. We then manually scrubbed the output of LDA to further remove identi ers, such as celebrity names, which have been redacted here.
C ADDITIONAL ANALYSES OF THE POPULARITY OF TOPICS C.1 Topic Popularity by Country
In the main paper, we discuss the association between the popularity of the Stigma topic for HIV/AIDS in a country and that country's disease prevalence. We ran similar tests on the six topics included in the table in the main body for the malaria and tuberculosis data sets. While in most cases we found no statistically signi cant association, we did nd a signi cant (multi-test corrected) relationship between the popularity of the Epidemiology topic for tuberculosis and the tuberculosis incidence rate (r = 0.509 multi-test corrected p < 0.01). See Figure 6 . 7
C.2 Topic Popularity by User Demographics
As we did for HIV/AIDS, we looked at the topic popularity of the six topics of interest from the topic table in the main paper. Tables 5 and 6 list the correlation coe cients, where * * indicates a p-value of less than 0.01 and * indicates a p-value of less than 0.05. As we saw in the HIV/AIDS data set, female users and users in the 25-34 age group expressed relatively more interest in topics related to pregnancy, breastfeeding, and family care compared to their male counterparts in the malaria data set. Additionally, for both the malaria and tuberculosis data sets, users in the 25-34 age group were relatively more interested in symptom-related topics. While it might not explain the whole story, this is consistent with the literature that nearly half of all new HIV infections occur among the 15-24 age group [19] . e 25-34 age group corresponds to the time-frame where these infections may progress signi cantly, and even develop to AIDS. 
D ADDITIONAL DETAILS ON USER BEHAVIOR AND QUALITY OF RESULTS D.1 User Behavior
We examined whether user behavior varies across di erent topics for the HIV/AIDS, malaria, and tuberculosis data sets. We used four popular metrics in the information retrieval literature: dwell time, maximum dwell time, click count, and successful click count. Dwell time and click count are discussed in the main text. Maximum dwell time measures the maximum amount of time that a user spends on any link that is followed. Successful click count is the total number of links the user clicks that have a dwell time of at least 30 seconds. We use the same methodology described in the main text and the regression coe cients to report the average values. Results are shown in Figure 7 . Note that for the HIV/AIDS and malaria data sets, users issuing queries associated with Natural cure exhibited relatively low activity (by all four metrics) compared to many of the other topics of interest; this is not true for the tuberculosis data set.
D.2 ality of Content
To measure the quality of the links presented by topic, we examined the set of links returned in the rst position for the thirty most representative queries for each of the six topics from the malaria and tuberculosis data sets that appear in the table in the main text, in the same way described in the main text for the HIV/AIDS data set. Each link was evaluated by three research assistants, each of whom has graduate-level training in medicine or public health, and at least one of whom specializes in the corresponding disease. In all three cases, the research assistants were asked to assess the relevance, accuracy, and objectiveness of the links returned. In particular, the research assistants were presented with the following questions.
• Relevance: How comprehensive and complete is the information provided on the website and does it appear to provide the right level of detail? Is the URL related to the disease? • Accuracy: Are sources of information properly identi ed, and are there any glaring omissions or misinformation? • Objectiveness: Does the information presented appear in an objective manner without political, cultural, religious, or institutional bias? e research assistants were asked to assign a single rating for each link on a scale from 1 to 5, with 1 equal to bad quality and 5 equal to high quality. Values were de ned as:
(1) Bad quality: several serious issues concerning all three of relevance, accuracy, and objectiveness (2) Subpar quality: several serious issues covering at least two of relevance, accuracy, or objectiveness (3) Mediocre quality: several issues concerning relevance, accuracy, or objectiveness (4) Good quality: mostly relevant, accurate, and objective, with a few small issues (5) High quality: very relevant, accurate, and objective Using Search eries to Understand Health Information Needs in Africa Note that the research assistants were not asked to take into account the website design, interface, usability, or other metrics unrelated to content.
Consistent with the observations for the HIV/AIDS data set, for the tuberculosis data set, the quality of content returned to users was, on average, rated lower for queries related to the Natural cure topic than for other topics of interest. In contrast, for the malaria data set, the quality of links returned was indistinguishable among queries related to the Natural cure, Epidemiology, Testing, and Symptoms topics.
